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I o  -ACT 

/ L 6 I 3  

A considerable number of 

fabricated In the pilot line which 

Q c , _  /g VO-6 HS cells have been 

was established during 

I $-++ 

the period o f  this contracto 

The use of s t r i c t  qualfty control techniques i n  

the pilot plm% has result-ed in a decrease in the number of  

rejections each month during the quarter, Failures i n  manu- 

facture have been analyzed and work is  being done to  correct 

the weak spots, 

The procedure f o r  adding helium for leak detection 

The e lectr ica l  and mechanical checkout proce- is described, 

dures t o  which each cell i s  subjected are described, 

The thermal and e lec tr i ca l  characteristics of 

VO-6 HS c e l l s  were further studiedo 

The use of thinner electrodes was studied to  see if 

an improvement i n  watt-how per pourid output was aeh$.rahleo 

A ' 1 / - r / f 6 R  



11. PRODUCTION OF VO-6 HS CELLS 

To date, the cells l i s t e d  i n  t h e  following Table I 
have been delivered to  NASA during t h i s  reporting periodo 

Cells up to  serial number 292 were covered i n  the Third Quar- 

ter ly  Report, Some of these cells were delivered under Contract 

NASA501583 



Cell Serial Noo 

252 
293 Potted 
291, Potted 
295 Potted 
296 Potted 
297 Potted 
298 Potted 
3c4 
308 
316 
317 
326 
$2 
329 
332 
333 
336 
335 
336 
337 
338 
360 
341 
342 
3k3 
344 
366 
3k7 
348 
349 
3 50 

366 
367 
373 
377 

383. 
382 
393 
bo5 
408 

%; . 

~ ~~ ~ 

TABLE I 

Test  History of VO-6 HS Cells 
Delivered to NASA 

Overcharge Capacity Short Test 
Rate Voltage Presso 3 Ampa t o  1,O Volt Cycleu* O.C.V, After 
ma 24 hrs, 

19 
4 
24 
50 
32 
35 
45 
20 
9 
8 
7 
12 
13 
12 
13 
5 
14 
12 
10 
14 

3 
G 
PB 
26 
12 
20 
18 
36 
20 
7 
9 
17 
9 
PO 
6 
20 
12 
4 
15 
20 
24 
13 
17 
7 

16 

24 
10 
10 
10 
BO 
10 
BO 
10 
BO 
80 
PO 
10 
10 
10 
10 
PO 
PO 
10 
10 
10 
10 
10 
PO 
80 
10 
PO 
10 
PO 
PO 
80 
BO 
BO 
IO 
BO 
10 
3.0 
PO 
10 
10 
LO 
10 
3.0 
10 
10 
18 

1020 
1,20 
1020 
la20 
1020 
1020 
PO20 
1020 
I020 
1020 
1020 
l o 2 0  
P o 2 0  
1020 
3420 
1028 
1020 
f020 
1020 
1920 
1020 
1020 
1,20 
P o 2 0  
1020 
lo20 
1020 
Po20 
P,20 
1020 
3.020 
1020 
1020 
Po20 
BO20 
1020 
Eo20 
1022 



0 

Cell Serial No. 

TABW I 

Over charge 
Rate Voltage Presso 
ma 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
mo 
600 
600 
600 
600 
600 w 
6bX.? 
600 
600 
600 
600 
600 
600 
600 
600 
600 
6OQ 
600 
600 
600, 
600 

35 
k9 
55 
49 
52 
77 
50 
63 
40 
39 
8 
19 
2.5 
36 
45 
43 
19 
40 

8 
26 
24 
30 
32 
23 
52 
50 
20 
37 
5 1  
45 
25 
32 
24 
44 

* Cycle consists  of 90 minute charm - 
300 Am% 

(ContQd) 

Capacity 
3 Amp0 to 100 Volt Cycles * 

10 
PO 
10 
10 
10 
10 
PO 
PO 
10 
fO 
10 
PO 
-I i n  
10 
fO 
10 
10 
PO 
10 
110 
10 
BO 
10 
10 
PO 
10 
BO 
BO 
PO 
BO 
PO 
10 
BO 
10 

Short Tesl  
O,CoVo After 

24 hrso 

1021 
1020 
1020 
1020 
1020 
1*20 
1020 
102q 
1020 
1020 
1020 
1020 
1,2Q 
1020 
1020 
1020 
p020 
Pa20 
1020 
1020 
1020 
1020 
1020 
p020 
p02q 
1,20 
1020 
1020 
1a20 
p020 
1020 
p020 
1020 
1020 

at P , 5  Ampo, 30 minute discharge at 



Since the  production of these cells has been a 

p i l o t  plant function, and since the p i l o t  plant has been 

undergoing changes to produce these cells, a discussion of the 

changes in structure of t he  a e l l s  and changes in  the techniques 

of manufacture are discussed i n  Section 111, nEstablishment 

:f 'i Pi lo t  Line ?or Fabrication f Hermetically Sealed Cellso" 



IfIo ESTABLIS”?T OF’ A ?ILOT LINE FOR 
FABRICATION OF HERMETICALLY SEALED CELLS [Phase BI 1 

The Offoe coneenti-ated i n  the pi lot  plant during t h i s  

reporting period was directed largely at cell production and 

the refinement of the pilot plant processes. 

which the all-welded c e l l  was introduced was very significant 

t o  the entire operation of  the pilot plant as  w e l l  a s  to  the 

re l iab i l i ty  of  the ce l l s  being produced, 

The point at 

Table 11 I s  a compilation of the rejections of cells 

shewing the percentage of rejects for the  various causes up 

t o  the f i n a l  checkout i3f cellso The figures include the losses 

due t o  malfunction of t h e  electrode such as shorts, low capacity, 

high pressure 

radical improvement in August because of the change to the a12 

welded construction of t h e  c e l l s ,  Subsequent months show very 

significant improvemnt each month a s  a result of refinement o f  

the processes and training of personnelo 

e t c o  It W p l l  be noted that there was a 



TABLE I1 

Rejection Rates Far V0-6 HS Cells During Manufacture 

Beasons For Reject 
Percentages 

June-July August September October 

1009 

1,Q 

rr Pinch Tube 

n Unidentified 

Shorts 1502 

Cracked Ceramic 
0 

Low Capacity 3 03 
High Pressure 

Other 

504 

400 

6,8 

3.03 

605 09 

Tstal 5 Reject 

Total $ Shipped 



The rejection percentages i n  Table I1 are  broken 

down so t h a t  t h e  mode of f a i l u r e  i s  indicatedo Obviously, 

maximum effort i s  being concentrated upon those facets of t h e  

manufacture giving t h e  highest r e j e c t  rates In order t o  lower 

t h e  r a t e s  and improve t he  r e l i a b i l i t y  of t he  completed product, 

The current xuethods of  manufacture make maximum use 

of the  he l i a rc  welding f a c i l i t i e s  t o  manufacture an improved 

TO-6 HS Cell, Besides making the  f i n a l  closure of t h e  ce l l  

and seel ing the pinch tube, t h e  h e l l a r c  I s  used t o  j o in  t h e  

negative comb suprort  t o  the negatfve comb and t o  j o in  t h e  nega- 

6 1  QAVS terminal. tx the ~ c ~ t ' c r ~  

i n  the  l a t te r  operation wherein cracking of t h e  weld has occurred, 

Indicat ions a t  t h i s  time are t h a t  t h e  covers had been tumbled 

Some d i f f i c u l t y  has been encountered 

in an aluminum oxide agent which contaminated t h e  surface of t he  

cover and resul ted i n  a burning act ion w i t h i n t h e  weld, 

hypothesis is borne out by the fac t  t h a t  the cracked areas 

This 

could not  be fused over and t h a t  treatment of the  surface with 

d i l u t e  KOH solut ion o r  mechanical abrasion resul ted i n  Improved 

welds, Specific warnings not  t o  tumbk these Parts  have been 

flssued and cells are befng fabricated by res i s tance  welding of  

t h e  terminal t o  the  cover u n t i l  such time as t h i s  problem is 

completely resolvedo 

A simple system of introducing helium i n t o  c e l l s  prior 

t o  f i n a l  pinching and welding of the tube has been introduced 

i n t o  production l i n e  procedureo Basically,  the following pro- 

cedure i s  used: 

a) A chamber, calculated t o  hold t h e  correct  volume 

of helium a t  one atmosphere absolute, is evacuated 

and f i l l ed  w i t h  helium, 



b) 

c’) 

d )  

A c e l l ,  which i s  in vacuum, is connectecl to the 

chamber and a valve opened to allow the helium t o  

flow into t he  cell, 

Pure oxygen is then used t o  bring the internal 

pressure of the cell up t o  atmosphere so that  there 

w i l l  be no mass transfer of gases w h i l e  the pinch- 

tube i s  being welded, 

The pinch tube i s  welded closedsand the complete 

c e l l  i s  checked for leaks by placing it in a b e l l  

U +ar and scanning the volume of the jar for traces 

of heliumo 

This operation i n  conjunction with the  final e lectr ica l  check-out, 

of a l l  c e l l s  gives assurance of the re l iab i l i ty  of the sealing gf 

’ c e l l s  pr ior  t o  shippingo 

be checked for leakage using a mass spectrometer leak detector, 

If a gross leak should occur, the vapor pressure within the 

c e l l  would make %t impossible to evacuate the t e s t  chamber, while 

small leaks would be detectable by the leakage of heliumo 

Subsequent to shipment, these cel ls  may 

The f inal  check-out procedure for the VO-4 HS Cell, 

from the point where the cover is  welded on is as follows: 

a) The complete cell i s  f i x t u r e d  under a b e l l  jar on 

the Veeco mass spectrometer, The cell is evacuated 

and backf i l l ed  with helium to a pressure of 20 psia 

while the bell j a r  is completely evacuated, 

b e l l  jar i s  then scanned for the presence of helium; 

which, if present, must have leaked from within the 

cel l ,  

The 

If any helium i s  detected the cell i s  rejected, 



b) Good cells are carefully f i l l e d  wlth a measured 

quant i ty  of e lec t ro%yte  and t h e  pressure gauge 

and valve are i n s t a l l e d  by means of a c o l l e t  

f i t t i n g  on the pinch tube, 

With t he vent valve opened, t h e  cells are d is -  

charged a t  600 mao The vent i s  closed and the 

c e l l  evacuated t o  3 0 R  fr;g vacuumo The ce l l s  are 

then pressurized w i t h  oxygen t o  50-55 ps ig  and 

allowed t o  stand f o r  one how, The c e l l  pressure 

must remain 30 t o  5 5  p s i  for t h i s  length of t i m e ,  

Cells are  charged a t  600 ma (C/lO) for a t  least 

2, hours while checking c e l l  pressureso A t  the  

end of t h i s  FUT? a so lu t ion  of phmolpL\ahabefw 

is sprayed over seals and welds t o  detect  any seal 

break-downs under operationo The spray i s  an 

intermediate check which permits t h e  seals t o  be 

monitored while t h e  c e l l s  a r e  on e l e c t r i c a l  t e s t ,  

without necess i ta t ing  the removal o f  cel ls  f o r  

helium leak detection, 

The c e l l s  are ROW givm 20 hours of cycling a t  

a 1,2 ampere 90 minute charge followed by a 3 ampere 

30 minute discharge, A t  t h e  end of a f i n a l  charge 

cycle a C/10 charge rate is establ ished f o r  8 hours 

a f t e r  which cells are discharged f o r  capacity a t  

3 amperes ( C / 2 )  t o  an end voltage o f  loo, 

c )  

d )  

e )  

The 

C/2 r a t e  and the l o o  Volt end po ten t i a l  have been 

adopted ss  the  standards fo r  rating t he  capac i t ies  

of hermetically sealed c e l l s  a t  the Alkaline 

&I : , t . e ~ 7 r  3i.4 c-" nyt n? I"ru>-t,~n X n d ~ ~ s ~ : - ~ - ~  5 Tnc, 



f) A% t h i s  pain@ the helium i s  added t o  the c e l l  as 

previously outl ined,  the pinch tube closed and 

welded, and the c e l l s  retested for helium leakage, 

The cel ls  are now complete except for the f i n a l  

short testo 

g)  Cells are shorted for 16 hours, charged for 5 

minutes at C/10, held on open circuit for 24 
hoursp and then checked for open circuit  voltage., 

The open c i r c u i t  voltage must be at  least  1,3-0 

volts  for a e e l 1  to pass t h i s  test, 

Upon successful completion of the above s teps ,  cells 

are considered ready for shipmento 



IV. L- RESEARCH AND DEVELOPNENT (Phase 111) 

A, HEAT TRANSFER 

Cells have been fabr ica ted  with the necessary 

instrumentation t o  study the  heat t r a n s f e r  cha rac t e r i s t i c s  

of t h e  vo-6 IIS cel l ,  The instrumentation cons is t s  of a thermo- 

couple placed within the electrode stack, near i t s  geometric 

center,  and 24 thermocouples welded to t he  e x t e r i o r  surface 

of  t h e  ce l l  case so that t h e  temperature pa t te rn  a t  t h e  surface 

may 36 stuciizd, 

The in se r t ion  of t h e  i n t e r n a l  thermocouple is a 

very d i f f i c u l t  operation, requir ing t h e  removal of mater ia l  

from t h e  center  p l a t e  o f  t h e  stack t o  make room f o r  the thermo- 

couple and i t s  leadso 

laboratory l i f e  expectancy of only 2 t o  4 weekso 

A c e l l  fabr icated i n  t h i s  manner has a 

The t e s t s  a r e  being conducted in an air atmosphere 

i n  a controlled temperature chainber which maintains an ambient 

of 80°F on the ce l l s ,  Several s a t i s f a c t o r y  cel ls  with thermo- 

couples were fabricated and some p r e l i d n a r y  t e s t s  have been 

completed 

The prelirnFnary data,  taken on a 32 hour run a t  an 

0,25 ampere charge ra te  and an 80°F ambient temperature shows 

an i n t e r n a l  temperature of 86OF and a skin te:liperature of  83OFO 

The skin temperature of Lhese c e l l s  shows a very uniform tem- 

perature;  whereas, l a rge r  cells were found t o  have a higher 

temperature a t  t h e  poin t  corresponding t o  the  center  of t h e  

e lectrode s tackc 



10 0 

Intent ions are  t o  completely survey the  temperature 

d i s t r i b u t i o n  of these  cells a t  1/4 amp, overcharge, 1/2 amp, 

overchargep 3/4 amp. overchargeo and 1 amp overcharge under 

various d i f f e r e n t  ambient conditione of temperature, vacuum 

and heat  sink, 

Various methods of removing t h e  heat from cells have 

been investigated,  Since, on o ther  tes ts ,  we have found t h a t  

80% of the  heat generated within the  cell i s  taken out through 

t h e  largest faces of t h e  cell; we have been working with t h e  

appl icat ion of heat sinks t o  these areas,, 

The design of the VO-6 HS c e l l ,  having the  negative 

element of the electrode grounded t o  t he  case through t h e  

negative terminal,  and having t h e  outer  plates of t he  electrode 

stack i n  i.rti;imate contact w i t h  t h e  c e l l  case w a l l ,  is very 

conduc%w 

t h e  ce l l ,  The f a c t  t h a t  the c e l l s  must be res t ra ined  in t h i s  

d i r ec t ion  makes it easy t o  ap9ly heat sinks with enough normal 

pressure t o  insure  intimate contact with t he  case, and consem 

t o  t h e  removal of heat through the  wide faces  of 

quently a la rge  area f o r  heat t r a n s f e r  may be obtaineda 



Bo ELECTRICAL CHARACTERISTICS OF THE vo-6 HS CELL 

A group of four (41 c e l l s  have been given some 

preliminary t e s t i n g  at 12O0F t o  1250Fo 

138, 140, 143, 146, were checked for capacity a t  room tem- 

perature a t  t h e  C/2 discharge rate and were found t o  have 

capac i t i e s  of 7059e 7050,  7di9, and 7050 A.H. respectively. 

These cells,  numbered 

Figure 1 shows the  charge curves f o r  c e l l  $146 a% 

750 m a  and 3 amperes, 

obtained for a l l  four cells,, 

These curves are typical of the  curves 

Figures 2, 3*  4. and 5,  a re  t he  discharge curves f o r  

t he  c e l l s  following the  various lengths and rates of charge shown, 

It is arparent t h a t  a t  elevated temperatures t h e  charge 

e f f ic iency  of t h e  ce l l  is poorer than a t  7PF, 
been observed t h a t  charge eff ic iency is poorer a t  low charge 

r a t e so  Note, however, t h a t  a f t e r  extended periods of charge 

the  c e l l s  do reach t h e i r  full capacity, 

s a t e l l i t e  use, continuous extended overcharge during periods 

of extended sunl ight ,  w i l l  recharge c e l l s  even at l o w  charge 

It has also 

This  means that in 

curren ts  and high temperatures, 

It has also been observed t h a t  while it may t ake  

a long t i m e  f o r  a c e l l  t o  become charged a t  50 ma9 i f  the  ce l l  

had been previously charged a t  a higher rate it w i l l  maintain 

i t s  f u l l  charge when t r i ck led  a t  50 ma, Measurements were made 

on a f u l l y  charged c e l l  which had been t r i ck led  a t  50 ma and 

a f t e r  11 days f u l l  capacity was s t i l l  ava i lab le  on discharge, 

It remains t o  be determined what minimum t r i c k l e  current w i l l  

maintain a vo-6 HS cell filly charged and f o r  how longo 



Ce STUDY OF T Y I N  PLATES 

Two special 5 pla te  laboratory c e l l s  were fabricated 

The plates  were from special ly  prepared thin sintered plates, 

.025 inches thick, which i s  7305$ of the thickness of our 

standard plates  which are 0034 inches thick, 

conditions of  temperature and discharge rate a standard plate 

of equivalent area gives 1,2 to l a S  ampere hours capacity,, 

The following Table If1 shows the capacitfes obtained from t h i n  

plates, 

Under comparable 

TABLE III 

1 

2 

Cell 

A 
B 

- 

A 
B 

A 
3 B 

A 
r, B 

A 
3 B 

Rate, Amp 

f 

1 

1 

Capacity, A.H. 

0835 
0835 

o 900 
*900 

L O 6  
LO6 

The capacities obtained correspond to 75 t o  77 percent of 

the standard plate, Based on the  volume of the  plate there i s  

an a?Farent gain of available capacity o f  2 to 4 percenPro 

does not  follow neeessarilg that a l i g h t e r  cell could be 

It 

fabricated from the thin plates due to the fac t  that nore 

layers of separator would b e  usedn As an exampleB consider 



the VO-6 HS c e l l :  

Using Standard Plates 

10 neg, plates .032 I ,320 

20 thicknesses of separator 
F .ooq = &  

0766 Total pack thickness 

Using Thin Plates 

Assume capacity is 77% that of  standard plate; then 

11*7 positive plates  would be require&which must be increased 

t o  12 since plates  cannot be dividedo 

12 pos, plates lij! .Q25 P 6300 

13 nego plates (3 ,025 1 *325 

26 thicknesses of separator 
E 0 182 3 0 0 0 %  -3 

,807 Total pack thickness 

It may be seen that  the ratio of the e f f i c i enc ie s  of th in  p lates  

t o  thick plates must be very great before it becomes economic 

t o  use t h e  thinner p la teo  Studies of thicker sintered plates  

for increased weight efficiency of sealed ce l l s  should be under- 

taken to determine $heir feas ibf f i ty ,  



lo Fabrication of Cells 

The fabr ica t ion  of cells is proceeding with s t e a d i l y  

decreasing r e j e c t i o n s  of parts and cel ls  during p-occssing, 

fact  t h a t  successful ce l l s  are being produced a t  increasing 

rates wfth fewer re jects  and more s t r ingen t  qua l i ty  control ,  

i nd ica t e s  t h a t  t h e  r e l i a b i l i t y  of the product is  being s t e a d i l y  

improved, 

The 

20 Jj&&- abxshment of a P i lo t  Line 

The p i l o t  line, f o r  producing sealed nickel  cadmium 

cells fo r  s a t e l l i t e  apnl icat ions,  is f u l f i l l i n g  i t s  purpose and 

producfng 6811s in increasing quant i t ies ,  

being improved as experience i n  t h e  processes results in 
This If= i a  constantly 

modification of parts and techniques, 

30 sesearch and Development 

tio Heat Transfer 

The vo06 HS cell, from preliminary data avai lable ,  

appears good from the standpoint of heat dissipation,, The 

temperature d i f f e r e n t i a l  between ins ide  of c e l l  and outer walls 

i s  about 3 O P  for a 1/4 amp, charge, 

b, E l e c t r i c a l  Characteristics of t h e  VO-6 HS C e l l  

Nickel cadmium cells must be charged st a high rate 

a t  elevated temperatures in ~ d e r  to obta in  bes t  charge efficiency, 



co  Thin Plates 

The use of th in  plates w i l l  increase the eff ic iency 

of a c e l l  t o  some extent, but the indications are that t h e  

gain would not dfC8@S the additional weights incurred by the 

of  constructiono A more extensiwe tes t ing  program should be 

undertaken to determine the optimum plate thickness for sealed 

cells, 

being usedo 

This m 5 g h t  actually be thicker than the plate now 



VIa PROGRAM FOR h?XT PERIOD 

It i s  contemplated that this contract i s  t o  be 

The effort w i l l  be extended for a period of another year, 

concentrated on completing the p i l o t  plant and continuing 

R & D on the hermetically sealed nickel-cadmium c e l l  

During the next perlod work will be concentrated 

on: 

A, Thermal Considerations i n  Large S i z e  Cells 

up t o  $0 Ampere-Hours 

Bo Heat Transfer from Cell Surfaces t o  Heat Sink 

and Env€roP.ent o 
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